To investigate the differences in the epidemiological and clinical characteristics of patients with intracerebral hemorrhage (ICH) treated at our institution over the last few decades. Two chronological cohorts with ten-year-interval were established and epidemiological and clinical data were retrospectively collected from patients with ICH, and data were analyzed using SPSS 13.0. The time windows for the two cohorts were from cohort. ICH often occurred in patients aged from 45 to 75 years, without a sex bias, accounting for 69.6% of patients. Hypertension (60.7%) was still the main risk factors. Meanwhile, the risk factors of smoking (28.9%) and drinking (23.3%) were often present in male patients but not female patients (p 0.001). The incidence of pulmonary infection, the main complication during hospitalization, was 40.8% in the 2000-2004 cohort and 61.8% in the 2010-2014 cohort (p 0.001). Moreover, the incidence of gastrointestinal hemorrhage was 12.5% in the 2000-2004 cohort and 6.0% in the 2010-2014 cohort (p 0.001). The epidemiological and clinical features have changed over the past 10 years. The mortality was reduced but still high, as evidenced by the increased hospitalization rate of patients with ICH. Current preventions and therapeutic strategies for ICH are effective, but more strategies must be developed to improve the outcome of ICH and decrease the incidence of pulmonary infection.
Introduction
Intracerebral hemorrhage (ICH), which accounts for 10-15% of all strokes [1] , is associated with high mortality (approximately 40.4%) [2] , and survivors typically exhibit serious neurological impairments [3] . The incidence of ICH is much higher in China than in the western developed countries [4] . The incidence of ischemic stroke is reduced by controlling related risk factors [5] . However, according to a meta-analysis, the incidence of ICH and the mortality rate have not decreased from 1980 to 2008 in western developed countries [2] . Meanwhile, most of studies regarding epidemiological or clinical features of ICH patients were published prior to 2000. Hence, an investigation of the incidence, mortality and morbidity after 2000 with the aim of identifying the main risk factors would be worthwhile. Improvements in the therapeutic strategies for ICH have been introduced during the last few decades due to advances in medical technologies and equipments. Some randomized controlled trials (RCTs) have been conducted to identify the main factors that affect the outcome of ICH, such as the early diagnosis [6] , hemostatic treatment [7, 8] , acute anti-hypertensive treatment [9] , hematoma removal [10, 11] , etc. Furthermore, within the last few decades, the incidence of ICH has increased and the mortality rate is still high in western developed countries [12] [13] [14] [15] [16] . The status in China, even in regional area, remains elusive.
Here, two chronological cohorts were established and epidemiological and clinical data were retrospectively analyzed to investigate the differences in epidemiological and clinical characteristics between two cohorts of patients with ICH (2000-2004 vs 2010-2014) who were treated at the Department of Neurosurgery, Southwest Hospital, Chongqing, China. The mortality rate was reduced but still high. Current therapeutic strategies for ICH were effective, but more strategies must be developed to improve the outcome of ICH and decrease the incidence of pulmonary infection in the future.
Methods

Subjects
One thousand five hundred ninety-eight patients with ICH were enrolled: 360 patients from January 1, 2000 to December 31, 2004 (2000-2004 cohort) and 1238 patients from January 1, 2010 to December 31, 2014 (2010-2014 cohort) in the Neurosurgery Department of Southwest Hospital, The Third Military Medical University, Chongqing, China. Intracerebral hemorrhage was diagnosed using cranial computed tomography (CT), computed tomography angiography (CTA) or magnetic resonance imaging (MRI). All patients were 18 years or older with acute onset intracerebral hemorrhage. The exclusion criteria were patients who were suspected of having or diagnosed with a traumatic brain injury or aneurysms, and the time from symptom onset to admission exceeded 14 days.
Data collection
All clinical data were collected from the electronic medical records system in the Department of Neurosurgery of Southwest Hospital, including age, sex, the time from symptom onset to admission, risk factors, clinical symptoms, the severity of intracerebral hemorrhage, imaging data, treatment, the duration of the hospital stay, complications, the outcomes at discharge and 3 months after stroke. Risk factors included a history of high blood pressure, diabetes, coronary heart disease, smoking, drinking, stroke, etc. Stroke severity was quantified using Glasgow Coma Scale (GCS) and the National Institute of Health Stroke Scale (NIHSS) upon admission. The forms of bleeding were divided into the following regions: the lobes, deep regions, cerebellum and brain stem. The ICH hematoma volume was estimated using the ABC/2 method [17] . The complications included hydrocephalus, pulmonary infection, recurrence of hemorrhage, gastrointestinal bleeding, deep vein thrombosis, intracranial infection, epilepsy, etc. Functional outcomes recorded in the outpatient electronic medical record system or by telephone interviews were evaluated using the modified Rankin scale (mRS) [18] on day 90 following treatment initiation (a follow-up period of 90 days). A poor outcome was defined as a mRS score 3 and a good outcome was a score less than 3.
Statistical analysis
All data are presented as percentages, means ± standard deviations (SD), or medians and interquartile ranges. Statistical analyses were performed using SPSS software for Windows (version 13.0) (SPSS, Inc., Chicago, IL). The significance of differences between the two groups was determined using t-tests, one-way or twoway analyses of variance (ANOVA), chi-square tests or calibration chi-square tests. A probability value less than 0.05 was considered statistically significant.
Results
Baseline characteristics
The mean age of patients in the 2010-2014 cohort was 56 ± 14 and 57 ± 16 years in the 2000-2004 cohort (p = 0.151). A comparison of the demographics and stroke risk factors between the two cohorts is presented in Table 1 . Sixty-five percent of patients with ICH in the 2000-2004 cohort were male compared with 68.95% in the 2010-2014 cohort (p = 0.172). As shown in Table 2 , the vulnerable population was aged from 45 to 75 years and presented with 3 or more risk factors. Meanwhile, the incidence of high blood pressure (p 0.001), smoking (p 0.001), drinking (p 0.001) and a history of stroke (p = 0.045) in the 2010-2014 cohort was much higher than in the 2000-2004 cohort, particularly in male patients. However, the systolic pressure and diastolic blood pressure recorded at admission in the 2010-2014 cohort were much lower than the 2000-2004 cohort (p 0.001). In addition, the stroke severity measured using the GCS (p 0.001), NIHSS (p = 0.002), and ICH scores (p = 0.002) was much lower in the 2010-2014 cohort than in the 2000-2004 cohort.
Time to admission
The time to admission was 37 ± 60 h in the 2000-2004 cohort and 38 ± 59 h in the 2010-2014 cohort (p = 0.802). The percentage of patients who were admitted to the hospital within 24 h of symptom onset was 70.8% (male 69.2% and female 73.8%) in the 2000-2004 cohort and 72.6% (male 73.2% and female 71.3%) in the 2010-2014 cohort. However, the time to admission was within 6 h in the 2000-2004 cohort and 6-24 h in the 2010-2014 cohort ( Table 3 ).
Hematoma size and location
As shown in Table 4 , the location was distributed differently between the two cohorts: 49. The percentage of patients exhibiting hernia at admission was 17.8% in the 2000-2004 cohort and 8.2% in the 2010-2014 (p 0.001). However, a statistically significant difference in the side on which the hematoma was located was not observed between the two cohorts.
Treatment and outcomes
As indicated in Table 5 , the average hospitalization duration was 17 ± 19 days for the 2000-2004 cohort and 22 ± 24 days for the 2010-2014 cohort (p = 0.408). The average stay in the ICU was 8 ± 14 days for the 2000-2004 cohort and 8 ± 10 days for the 2010-2014 cohort (p 0.001). In addition, the mortality rate was 26.9% in the 2000-2004 cohort and 18.9% in the 2010-2014 cohort, the morbidity rate was 35.6% in the 2000-2004 cohort and 40.2% in the 2010-2014 cohort, and 37.5% of patients in the 2000-2004 cohort achieved a better prognosis compared with 40.9% in the 2010-2014 cohort (p = 0.020).
Complications
Pneumonia was the main complication in both cohorts, affecting 40.8% of patients in the 2000-2004 cohort and 61.8% in the 2010-2014 cohort (p 0.001), indicating an increasing trend. Meanwhile, the incidence of hydrocephalus increased from 5.8% in the 2000-2004 cohort to 11.4% in the 2010-2004 cohort (p = 0.002). Meanwhile, the incidence of gastrointestinal bleeding decreased from 12.5% in the 2000-2004 cohort to 6.0% in the 2010-2014 cohort (p 0.001), indicating a decreasing trend. In addition, the incidences of hematoma expansion, ischemic stroke, intracranial infection, epilepsy and deep vein thrombosis were not statistically significantly different between the two cohorts ( Table 6 ).
Discussion
Intracerebral hemorrhage (ICH) accounts for 17-52% of all stroke cases, with a mortality rate of 40-50% and a morbidity rate of 90.7% in China [5] . The medical expenses of patients with ICH are up to RMB 19.238 billion yuan every year in China [3] , representing a substantial social and family burden. Because no effective treatments exist, early prevention is very important [2] .
In the present study, patients aged 60-74 years were still a high-risk group, with gradual decreasing trend. Patients aged 45-60 years showed an increasing trend in the incidence of ICH, suggesting a trend towards an increased incidence of ICH in younger patients in our cohorts. Hypertension, smoking, drinking, diabetes mellitus and a previous stroke history were major risk factors, consistent with a previous study [19] . The percentage of patients with ICH who were diagnosed with hypertension increased from 50.0% in the 2000-2004 cohort to 60.7% in the 2010-2014 cohort, potentially due to the increase in the detection of hypertension. The risk factors of smoking and drinking were particularly evident in male patients and may explain why the incidence of ICH is twice as high in males as in female. No significant changes in the incidence of diabetes mellitus and a previous stroke history were observed. Among the risk factors described above, hypertension, diabetes, smoking and alcohol consumption can be prevented or treated.
The increase in intracranial pressure (ICP) after ICH, which is related to a worse prognosis [20] , is more common in patients with supratentorial ICH [21] , particularly in patients with deep supratentorial ICH. Due to the increased incidence of deep ICH and decreased incidence of cerebellar and brainstem hemorrhage, the change in the hematoma volume was not obvious. However, the incidence of small hematomas increased gradually, potentially due to blood pressure control and the use of hemostatic drugs in recent years [7, 9] .
The incidence of complications after ICH is an important factor affecting the prognosis of patients [20] . According to a previous study, 40% of complications are serious and leading to prolonged hospitalization and immediate life-threatening or fatal complications [22] . During hospitalization, pulmonary infection is the main complication, and the incidence increased from 40.8% in the 2000-2004 cohort to 61.8% in the 2010-2014 cohort, an 18% higher incidence than the value reported in the study by Xing-Quan Zhao [23] . Meanwhile, the incidence of gastrointestinal bleeding decreased from 12.5% in the 2000-2004 cohort to 6.0% in the 2010-2014 cohort, which is related to the preventive effect of proton pump inhibitors [24] . The incidence of hydrocephalus increased from 5.8% to 11.4%, which is related to the increased incidence of deep ICH. The identification of preventive or treatment strategies for hydrocephalus and pulmonary infection will also require further studies focused on patients with ICH.
In contrast to the decreased mortality rate (from 18.9% in the 2010-2014 cohort to 26.9% the in 2000-2004 cohort), the morbidity rate increased from 35.6% in the 2000-2004 cohort to 40.2% in the 2010-2014 cohort. Meanwhile, the mortality rate in China is less than the rates of 27% reported in the United States [25] , 41.6% in Finland [26] and 24.5% in Dijon [27] , but significantly greater than the rate of 10% reported in Japan [28] . Furthermore, the mortality and disability rates of female patients were not significantly different from male patients, consistent with the results from the meta-analysis published by van Asch CJ et al. in 2010 [2] . The proportion of patients with a better prognosis was significantly increased due to the improvements in hospital diagnoses and timely treatments, including hypertension control and neurosurgery, consistent with the results of the study by Poon [29] . In summary, the epidemiological, clinical features and prognosis of ICH have changed over the past few decades between the two cohorts with ten-year-interval. In addition to reducing the impacts of the risk factors hypertension, diabetes, smoking and alcohol consumption, strategies to reduce pulmonary infection must be developed. Some limitations should be considered when interpreting the findings of our study. First, our results were derived from a single center and a retrospective analysis, which should be validated in future prospective studies. Second, the sample size of two cohorts differed largely, the bias should be taken into account.
